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Abstract 
A Botyrococcus braunii strain with high potential for biofuel production was isolated from a pond in Southeast Asia. 
This strain showed a higher growth rate /day) and biomass productivity (2.61 dry cell weight (dcw) g/L), 
both of which are comparable to those of our benchmark strain B. braunii BOT-22. Chemical analyses indicated that 
this strain produced >44% of lipids (w/dcw), 21-37% of which was identified as C34 botryococcene. 18S rDNA 
sequence analysis indicated this strain is closely related to BOT-22, suggesting that this strain can be affiliated into 
Race B. Interestingly, microscopic observations revealed that this strain harboured numerous bacterial ectosymbionts 
at the rim of host Botryococcus colonies. Our results suggest that algal-bacterial symbiotic consortia may have a 
potential to improve the productivity of biofuels, providing us with an alternative to pure culture of oil-producing 
algae. 
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1. Introduction 
There is growing attention worldwide on microalgal biofuels as an alternative energy source [1]. 
Among many microalgae, Botryococcus braunii is one of the most promising feedstock for biofuel 
production because this alga is well known to produce hydrocarbons [2]. B. braunii is a colony-forming 
green alga (Trebouxiophyceae, Chlorophyta), which is found in freshwater environments all over the 
world [3]. The growth of B. braunii is much slower than other industrially utilized algae such as Chlorella 
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[4], posing a major challenge for the industrial use of B. braunii. Obtaining a strain showing high growth 
rate as well as high amounts of hydrocarbon accumulation is thus inevitable to develop a cost-effective 
mass culture system feasible for commercial biofuel production [5]. In the course of our worldwide 
screening of better strains of B. braunii, we have obtained a strain Ba10 whose potential oil productivity 
is comparable to our benchmark strain BOT-22 [6]. In this paper, we reported the growth characteristics, 
oil contents, and genetic identity of Ba10. 
2. Materials and method 
2.1. Strain isolation 
An environmental water sample containing B. braunii was collected from a pond in Southeast Asia in 
2010. Single colonies of B. braunii were picked using a glass micropipette under a microscope and each 
was transferred into liquid modified AF-6 medium [7] in the microplate with 48 cells. The established 
culture was transferred into the 10 mL test tubes and maintained for subsequent experiments. 
2.2. Growth experiments 
The strain was precultured in 20 mL of liquid AF-6 in test tubes. The preculture was inoculated into 
150 mL of liquid AF-6 in 300-mL Erlenmeyer flask. All culture experiments were performed at 25ºC 
under the continuous light of 7 2/s with 1% CO2 aeration. Using a UV spectrophotometer 
(UV-1800, Shimadzu), biomass was estimated by measuring the absorbance at OD 750 nm for the serial 
triplicates of 1 mL sampling from cultures at an interval of 7 day. For the measurement of dry cell weight, 
three to five replicates of 10 ml were sampled from each culture, followed by the harvest using the GF/C 
filter (Whatmann). Harvested cells were dried up by incubating in an oven at 60°C for 24 h. Dried 
samples were used for subsequent oil analyses. 
2.3. Lipid extraction and hydrocarbon analysis 
The lyophilized colonies were soaked in 30 mL of CHCl3 / methanol (2:1, v/v) at 24ºC for 24 h. After 
filtration, 5 mL of 0.9 % NaCl aqueous solution was added. The organic layer was concentrated at 36°C 
under reduced pressure, and was dried up under a nitrogen stream. Hydrocarbon fraction was obtained 
using silica-gel (Kieselgel 60, 70–230 mesh, Merck) column chromatography with n-hexane / CHCl3 (9:1, 
v/v), and it was analyzed using GC-FID (GC-2010, Shimadzu), GC-EIMS (GC-2010 and QP-2010, 
Shimadzu) and GC-CIMS (7890A and JEOL Q-1000, Agilent) with a fused silica DB-5MS (30 m × 0.25 
mm i.d., film thickness 0.25 mm, J & W Scientific) and an InertCap 1MS (30 m × 0.25 mm i.d., film 
thickness 0.25 mm, GL Science Inc.) capillary column. The GC operation conditions were as follows: 
column temperature, 130°C up to 270°C (20°C/min), 270°C up to 300°C (2°C/min), and held for 8 min; 
FID port temperature, 320ºC; Carrier gas (He) flow rate, 2.25 mL/min; FID H2 flow rate, 40 mL/min, air 
flow rate, 400 mL/min. 1H NMR (500 MHz) and 13C NMR (125 MHz) spectra were recorded by using 
JEOL JNM-ECA500 spectrometer. CDCl3 was used as a solvent an H C 
77.0). 
2.4. 18S rDNA sequencing 
Genomic DNA was extracted and purified using a FastDNA kit (MP-Biomedicals). Using a ExTaq 
DNA polymerase (Takara) and the primer pair of 63F and 1818R (Masanobu Kawachi, personal 
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communication), a nearly full length of 18S rDNA was PCR amplified with initial denaturation at 94°C 
for 3 min, followed by 40 cycles of 94°C for 60 s, 55°C for 60 s, and 72°C for 120 s. PCR products were 
purified using ExoSAP-IT (USB) and were sequenced directly in both directions using published internal 
primers designed for Botryococcus 18S rDNA (Kawachi, personal communication) using a BigDye Cycle 
Sequencing Kit ver 1.1 and a ABI3100 autosequencer (Applied Biosystems). 
 
 
Fig. 1. Growth curves of Ba10. Lots A and B indicate two different replicates. For each replicate, biomass was not measured at day 
0. 
3. Results and discussions 
3.1. Growth characteristics 
Results of growth experiments were shown in Fig. 1. The growth curve of each duplicate indicated a 
slight difference in the duration of the lag phase. This is likely because we did not strictly synchronize the 
preculture for each replicate. Howeve
replicates and was estimated to be 0.101 ± 0.011. Ba10 strains reached a stationary phase at around 0.9 at 
OD 750. The total biomasses for Lot A and B were measured at day 49 and 63, and were estimated to be 
2.92 and 2.31 g-dcw/L, respectively, yielding a mean value of 2.61 ± 0.43 g-
biomass values were comparable to our benchmark strain BOT-22 -
dcw/L) were estimated to be ca. 0.09 and 2.0, respectively (Kato S., unpublished data).  
 
3.2. Oil contents 
To evaluate the potential for biofuel production of Ba10, oil contents were characterized using a series 
of chemical experiments. The total lipid contents of Lot A and B at the early stationary phase showed a 
highly similar value (44% [w/dcw]). Of the total lipid content of LotA and B, 41.6% and 23.8% 
corresponded to the total hydrocarbon content, respectively The major hydrocarbon of Ba10 (estimated to 
be ca. 90% of total hydrocarbons, which is quite similar between two replicates) showed a molecular 
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weight of 466 from GC-MS, and the 1H and 13C NMR chemical shifts coincided with those of the 
hydrocarbon reported by Cox et al. [8], indicating that the major hydrocarbon contents of Ba10 was C34  
 
 
Fig. 2. Chemical structure of C34 botryococcene. 
botryococcene (Fig. 2). Again, the major hydrocarbon content of Ba10 is the same as that of BOT-22, 
which produces C34 botryococcene ca. 88% (w/w) of total hydrocarbon contents [6]. 
3.3. 18S rDNA analysis 
To investigate the genetic identity of Ba10, the 18S rDNA gene-coding region of Ba10 was PCR 
amplified and sequenced. Direct sequencing successfully recovered the corresponding gene but a single 
nucleotide polymorphism (SNP) was found at the 5’ end of the gene. This suggests that Ba10 may 
encompass two closely related genotypes. When compared with 18S rDNA of BOT-22, three to four 
nucleotide substitutions (the number of difference depends on the SNP described above) was found. The 
high genetic similarity of Ba10 with BOT-22 together with the production of C34 botryococcene suggests 
that Ba10 is assigned to Race B [2]. 
3.4. Ba10 harbors bacterial symbionts 
Although Ba10 showed biological and chemical characteristics similar to BOT-22, a significant 
difference was found. A large number of Ba10 formed huge colonies (1- 1.5 mm) at early stationary 
phase (i.e. 0.10-0.35 absorbance based on OD750), which is in sharp contrast to BOT-22, in which most 
colonies were tiny (< 25 m), consisting of 1 to 4 cells under our culture condition (see Materials and 
methods). Microscopic observation revealed the presence of numerous rod-shaped bacteria at the rim of 
the colony of Ba10, where these bacteria appear to form a biofilm-like structure (Fig. 3). Efforts to obtain 
an axenic culture of these bacteria using trypticase soy agar (TSA, BBLTM), the standard medium for 
heterotrophic microbes as well as AF-6 medium were unsuccessful. The close physical association of 
Botryococcus with these bacteria and their inability to grow in heterotrophic media suggests a 
 
 
Fig. 3. Light micrograph of Botryococcus Ba10. Black arrow indicates possible symbiotic bacteria, red arrowhead indicates lipids 
 
26   Yuuhiko Tanabe et al. /  Procedia Environmental Sciences  15 ( 2012 )  22 – 26 
long-standing mutualistic relationship rather than an accidental contamination, which would frequently 
occur in preserved strains of Botryococcus in the course of serial culture [9, 10]. It may be interesting to 
speculate that this bacterial symbiont plays a role in the formation of large colonies, thereby contributing 
to the high productivity of Ba10. We are currently investigating this possibility.
4. Conclusions
A Botryococcus braunii strain isolated from Southeast Asia indicated faster growth rates and produced 
a substantial amount of hydrocarbons. Biochemical and genetic characterization indicated that this strain 
belongs to Race B of B. braunii. The presence of symbiotic bacteria in this strain suggests that B. braunii
may benefit from these bacteria, providing some hints for the development of cost-effective biofuel 
production system.
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